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Background
Limited data are available on clinical outcomes of people living with HIV (PLWH) in China,
especially after the implementation of the 2016 national treatment guideline. The objective
of the current study is to examine the treatment patterns, clinical outcomes and their associated factors among PLWH in Guangxi, China before and after this new guideline.

Methods
Data from three community-based projects conducted at different time points over a period
of six years (2012–2017) in Guangxi were analyzed in our study. The interviewer-administered questionnaire was used for data collection. Measures of clinical outcomes were
retrieved from the patients’ medical records. Descriptive analysis was employed to display
treatment patterns and the time trends of clinical outcomes. Chi-square test or ANOVA was
used to compare the differences in background characteristics and treatment history
between different levels of clinical outcomes.

Results
Among the pooled sample of 4224 participants, 77.3% were receiving antiretroviral therapy
(ART), the median CD4 count was 328 cells/mm3, and 82.5% were virally suppressed. An
increasing trend in both ART coverage (from 72.1% to 91.2%) and CD4 count (from 318
cells/mm3 to 357 cells/mm3) was observed over time in the three samples, while rates of
viral suppression did not show a similar trend. A number of socio-demographic characteristics (e.g., female gender, younger age, Han ethnicity, and employment) and treatmentrelated variables (e.g., longer durations of HIV diagnosis and ART uptake, lower prevalence
of comorbidity, fewer treatment interruptions, and more knowledge on ART) were associated with improved clinical outcomes.
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Conclusions
We observed a high rate of viral suppression and increasing trends in ART coverage and
CD4 count over six years in Guangxi, China. However, suboptimal clinical outcomes continue to be a problem, particularly among some subgroups of PLWH. Future clinical management strategies should be tailored for PLWH with different sociodemographic
characteristics and treatment trajectories.

Introduction
Antiretroviral therapy (ART) has been used worldwide and achieved great success in HIV
treatment and prevention since its advent in the 1990s. The preventive benefits of the early use
of ART in asymptomatic HIV infection have been proved with clinical evidence in the last
decade [1, 2]. Furthermore, increasing evidence also documented various benefits of the early
use of ART in substantially reducing AIDS-related morbidity and mortality [1, 3–6].
Based on the clinical evidence, World Health Organization (WHO) updated its guideline
and recommended ART to all PLWH regardless of their CD4 counts [7]. The Joint United
Nations Programme on HIV/AIDS (UNAIDS) launched its ambitious 90-90-90 targets in
2014: 90% of the PLWH knowing their HIV status, 90% of the diagnosed PLWH receiving
ART, and 90% of the PLWH on ART achieving viral suppression [8]. However, across the
globe, among the estimated 36.9 million PLWH, only 59% of them were receiving ART and
47% achieved viral suppression among those on ART in 2017 [9]. In terms of specific regions,
the percentage of PLWH who were receiving ART ranged from 29% (Middle East and North
Africa) to 76% (western and central Europe and North America); meanwhile, the percentage
of viral suppression among those PLWH on ART ranged from 22% (Middle East and North
Africa) to 65% (western and central Europe and North America) [10]. It’s noteworthy that
most countries are still far behind to achieve the UNAIDS 90-90-90 target, including China.
The HIV epidemic in China is still alarming. It is estimated that the accumulative number
of PLWH has reached 1.25 million in 2018, and the reported number of PLWH is 850,000
[11]. Following WHO guidelines, China revised their ART guideline in 2014 and broadened
the ART eligibility criteria by increasing CD4 threshold for the provision of free ART from
�350 cells/mm3 to �500 cells/mm3 [12]. In 2016, the national ART guideline was revised
again, whereby all PLWH were recommended for ART regardless of CD4 count [13].
Both CD4 count and HIV viral load are critical treatment indicators for determining the
clinical stages of HIV infection, for evaluating the efficacy of treatment, and for changing the
medication when necessary [14, 15]. However, according to a 2016 meta-analysis, only around
40% of PLWH were on ART and 36% of those on ART achieved viral suppression in China
[16]. The immunological outcome was also not satisfactory, with the median CD4 count ranging from only 118 to 182 cells/mm3 [17–19]. The relatively better virologic outcomes were
reported in some studies, with the rates of viral suppression ranging from 79.2% to 87.9% [18–
21]. However, most of these studies defined viral suppression as HIV RNA <1000 copies/ml,
which is much higher than the cutoff used in recent literature (HIV RNA <50 copies/ml). Furthermore, all these studies were conducted before 2016 and might not reflect the situation
after the implementation of the latest national treatment guideline. In addition, most of the
existing studies were conducted based on data from the nationwide National Free Antiretroviral Treatment Program [17], certain urban sentinel surveillances [18, 21], or among specific
key populations (e.g., injecting drug users) [19, 20]. The participants in those studies were
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mostly receiving ART in the urban areas, which may not be representative of situations in
other areas in China with a large rural population, such as Guangxi Zhuang Autonomous
Region (Guangxi) of China.
As one of the regions with the fastest growing HIV epidemic in China, Guangxi has
reported a total of 124,282 HIV/AIDS cases by the end of 2017, indicating a 78.7% increase
since June 2011 (69,548 HIV/AIDS cases) and placing Guangxi second among 31 Chinese
provinces in terms of HIV seropositive cases [22, 23]. The HIV epidemic in Guangxi is largely
characterized as a rural phenomenon with many PLWH being rural residents, having low
socio-economic status, and being infected mainly through sexual contacts [24]. Guangxi has
scaled up ART since 2005 and the number of individuals receiving free ART has increased dramatically since June 2010 under the Guangxi government’s anti-HIV programme [25]. But till
now, only a few studies reported the immunological and virologic outcomes of PLWH in
Guangxi [26].
The primary objective of our study, therefore, is to examine the treatment patterns and clinical outcomes before and after the implementation of the latest national treatment guideline
using data from three samples in Guangxi. In addition, we compared the differences in background characteristics and treatment history between different levels of immunologic and
virologic outcomes.

Materials and methods
Study site and participants
Data used in the current study were derived from three different community-based projects
conducted in Guangxi, China. All the participants in the three projects were recruited from
community-based treatment settings, following similar inclusion and exclusion criteria [27,
28].

Study one
The first study was a cross-sectional study which aimed to understand the health status (e.g.,
quality of life, mental health) of PLWH in Guangxi [27]. The data in this study were collected
from October 2012 to August 2013. In this project, two cities and ten rural counties that had
the largest cumulative number of reported HIV/AIDS cases were selected as the study sites.
The main inclusion criteria were aged �18 years old and with a confirmed HIV diagnosis.
With an appropriately 10% refusal rate, 3,002 PLWH were recruited. A total of 2,987 participants were included in the data analysis after removing 15 uncompleted questionnaires.

Study two
The second study was a theory-based HIV disclosure intervention trial and primarily aimed to
assist parents living with HIV/AIDS to plan or make a developmentally appropriate disclosure
of their HIV status to their seronegative children (aged 6–15 years). The baseline data of the
intervention project were collected from July 2013 to March 2014. In this project, eight cities
and eight rural counties with the largest cumulative number of reported HIV/AIDS cases in
2012 were selected as study sites. We further identified all the HIV clinics with at least 200
HIV/AIDS cases in these urban districts and rural townships, and randomly selected 40 of
them to participate in the intervention trial. We then randomly invited about 20 eligible HIVinfected parents from each clinic to participate in the trial. The main inclusion criteria for
parents include: 1) at least 18 years of age; 2) a confirmed diagnosis of HIV or AIDS; 3) living
with at least one child 6 to 15 years of age; and 4) having not disclosed their HIV status to their
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children. A total of 791 participants completed the baseline survey, with the refusal rate being
around 5%.

Study three
The third study, where the data were collected after the implementation of the latest national
ART guideline (i.e., between September 2016 and November 2017), was an exploratory longitudinal study and aimed to investigate the mechanism of the effects of HIV disclosure on clinical outcomes. In this project, we selected two cities (urban centers) and eight rural counties
with the largest number of reported HIV/AIDS cases by 2014 as our study sites. With a similar
approach in the first and second studies, we identified HIV clinics in the urban districts and
rural townships which has at least 200 HIV/AIDS cases. We randomly selected 40 these clinics
(8 urban clinics and 32 rural clinics) to participate in our study. The local research team randomly selected about 10 PLWH who were diagnosed since January 2014 (“recently diagnosed”) from each clinic. The main inclusion criteria of this project were similar to the first
two projects, with the exception that only those “recently diagnosed” PLWH were included. A
total of 446 participants completed the baseline survey.

Data collection
The survey procedures of the three projects were similar and had been described elsewhere
[27]. Briefly, data were collected through an interviewer-administered survey in all three samples. The participants’ ART status, CD4 count, and viral load were retrieved from their medical
records. All participants provided written informed consent before participating in the study.
The first study protocol was approved by the Institutional Review Boards at Wayne State University in the United States and Guangxi Center for Disease Control and Prevention (CDC) in
China. The second and third study protocols were approved by the Institutional Review
Boards at University of South Carolina in the United States and Guangxi CDC in China.

Measures
Socio-demographics. Participants were asked about their socio-demographics, which
include gender, age, education level (i.e., years of formal schooling), employment status (e.g.,
full-time job, part-time job, no job), marital status (e.g., single, married, living with boyfriend
or girlfriend, divorced, or widowed), monthly household income in Chinese Yuan (CNY)
(e.g., 1000–1999, 2000–2999, 3000–3999), and HIV transmission mode (e.g., sexual intercourse with spouse/regular partners/casual partners, commercial sex, blood transfusion, injection drug use).
Immunologic and virologic outcomes. The most recent CD4 count and the most recent
plasma viral load were retrieved from patients’ medical records. For the purpose of data analysis in the current study, CD4 count was categorized into three groups (�350 cells/mm3, 350–
500 cells/mm3 and >500 cells/mm3), using the cutoffs in different versions of the national
treatment guidelines [12, 13, 29]. Viral suppression was defined as HIV RNA <50 copies/ml.
Other HIV and treatment-related measures. Duration of HIV diagnosis and ART
uptake were calculated based on the patients’ self-report. The co-morbidity of HIV infection
was also based on self-report and defined as co-infection with specific bacteria or viral infections, including Hepatitis A, Hepatitis B, Hepatitis C, Tuberculosis, Syphilis, Gonorrhea, and
genital Herpes Simplex Virus-2. Treatment interruption was defined as not taking ART medication in the past month. The ART-related knowledge was assessed with a 12-item scale. The
scale was developed based on existing literature [30–32] and qualitative interview by the
research group, comprised of psychologists and local health care providers. Each item was
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scored on a 4-point Likert scale ranging from “1 = strongly disagree” to “4 = strongly agree”.
After appropriate reverse-scoring of certain items, a composite score was calculated by summing up the responses to all the items in the scale.

Statistical analysis
Descriptive analysis was employed to describe the socio-demographic characteristics, treatment history, the immunologic (CD4 counts) and virologic outcomes (viral load) in three different samples. Chi-square test or ANOVA was used to compare the differences in
background characteristics and treatment history between different levels of immunologic
(CD4 count: �350 cells/mm3, 350–500 cells/mm3, and >500 cells/mm3) and virologic outcomes (HIV RNA<50 copies/ml vs �50copies/ml). SAS 9.4 was used for all the statistical
analyses.

Results
Sample characteristics
As presented in Table 1, a total of 4224 PLWH participated in three studies (n = 2987 in study
one, n = 791 in study two, and n = 446 in study three). Among the pooled sample, around twothird (62.3%) were male; the mean age was 41.6 years (SD = 11.1); the majority of them
(69.5%) were of Han ethnicity; the average years of schooling was 6.9 years (SD = 2.8); 42.8%
had a full-time job; 71.7% were currently married or living with a boyfriend or girlfriend; only
19.6% had a monthly household income of more than 2000 CNY (appropriately equal to US$
291). Among the participants who identified the route of infection, the majority (82.1%)
reported that they acquired HIV through sexual intercourse.
With regard to HIV-related characteristics, the average duration since their HIV diagnosis
was 42.1 months (SD = 27.6); around one sixth (16.6%) of the participants had at least one
kind of co-morbidity (e.g., Hepatitis or Syphilis). The three samples were similar in terms of
background characteristics (Table 1), except that in sample 3, a larger proportion (45.2%) of
the participants had a high monthly household income (�2000 CNY or US$ 291), and the
duration of HIV diagnosis was much shorter than PLWH in the first two samples, which
reflected the inclusion of only recently diagnosed parents in the third sample.

Treatment patterns
As shown in Table 1, 77.3% of the pooled sample were receiving ART, and among those who
were on ART, the average duration of ART initiation was 34.8 months (SD = 23.0). The proportion of PLWH on ART increased from 72.1% in 2012–2013 (sample 1) to 89.0% in 2013–
2014 (sample 2) and 91.2% in 2016–2017 (sample 3). The duration of ART varied in the three
samples, with the participants in sample 3 having a much shorter ART treatment history (18.9
months) than the other two samples because of the inclusion criteria in study 3. A small proportion (3.5%) of participants had experienced treatment interruptions based on pooled available data from sample 1 and 2. The average score of the ART-related knowledge scale was 38.3
(SD = 3.8) based on the available data from sample 1 and 3.

Immunological and virologic outcomes
The data on CD4 count were available from 95.95% of the pooled sample (95.61% in sample 1,
96.46% in sample 2, and 97.31% in sample 3) with a median value of 328 cells/mm3. The CD4
count increased from 318 cells/mm3 in 2012–2013 (sample 1) to 347 cells/mm3 in 2013–2014
(sample 2) and 357 cells/mm3 in 2016–2017 (sample 3). In the pooled sample, over half of
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Table 1. Background characteristics of three samples of PLWH in Guangxi.
Pooled sample
(2012–2017)

Sample 1
(2012–2013)

Sample 2
(2013–2014)

Sample 3
(2016–2017)

4224

2987

791

446

Male

2598 (62.3)

1876 (62.8)

420 (57.0)

302 (68.0)

Female

1570 (37.7)

1111 (37.2)

317 (43.0)

142 (32.0)

41.6 ±11.1

42.5 ±12.8

38.0 ±5.6

41.6 ±8.5

Han

2889 (69.5)

2109 (71.7)

513 (69.9)

267 (60.7)

Others

1267 (30.5)

873 (29.3)

221 (30.1)

173 (39.3)

6.9±2.8

7.0 ±3.0

6.9±2.5

6.2±2.4

No job

1058 (25.2)

800 (26.9)

155 (19.8)

103 (23.3)

Part-time

1345 (32.0)

992 (33.4)

262 (33.4)

91 (20.5)

Full-time

1798 (42.8)

1182 (39.7)

367 (46.8)

249 (56.2)

Na
Socio-demographic
Gender

Age (mean±SD, years)
Ethnicity

Education (mean±SD, years)
Job

Marital status
Single/Separated

452 (10.9)

386 (13.2)

15 (1.9)

51 (11.5)

Married/Living with
boyfriend or girlfriend

2975 (71.7)

2011 (68.9)

613 (77.6)

351 (79.4)

Divorced/Widowed

722 (17.4)

520 (17.8)

162 (20.5)

40 (9.1)

< 2000

3369 (80.4)

2442(82.6)

684 (86.5)

243 (54.9)

�2000

823 (19.6)

516(17.4)

107 (13.5)

200 (45.2)

Sexual intercourse

2880 (82.1)

1962(79.7)

543 (82.3)

375 (94.2)

Transfusion/needling sharing

630 (17.9)

501 (20.3)

117 (17.7)

12 (3.1)

42.1±27.6

43.6±29.3

48.6 ±30.6

19.2 ±10.3

Household’s monthly income (CNY)

HIV transmission mode

HIV-related characteristics
Duration of HIV diagnosis (mean±SD, months)
The most recent CD4 count
Median (IQRb)
�350

328 (272)

318 (263)

347 (259)

357 (328)

2198 (54.2)

1599(56.0)

385 (50.5)

214 (49.3)

350–500

994 (24.5)

697(24.4)

198 (26.0)

99 (22.8)

>500

861 (21.2)

560(19.6)

180 (23.6)

121 (27.9)

HIV RNA <50 copies/ml

1836 (82.5)

1341(81.6)

356 (85.8)

139 (82.7)

Any co-morbidity (Yes)

699 (16.6)

470 (15.7)

168 (21.2)

61 (13.7)

Yes

3251 (77.3)

2146 (72.1)

703 (89.0)c

402 (91.2)

No

956 (22.7)

830 (27.9)

87 (11.0)

39 (8.8)

34.8±23.0

36.7±23.8

36.9±26.4

18.9±11.3

Treatment history
Whether on ART

Duration of ART (mean±SD, months)
Treatment interruption (Yes)

96 (3.5)

75 (3.6)

21 (3.1)

NA

Knowledge on ART (mean±SD)

38.3±3.8

38.2±3.7

NA

39.1±4.7

a

The number of participants for some of the variables did not add up to the total sample size because of missing data

b

IQR: Interquartile Range

c

Self-reported ART status.

https://doi.org/10.1371/journal.pone.0213205.t001
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them (54.2%) were having CD4 counts �350 cells/mm3, one fourth of them (24.5%) having
CD4 counts between 350–500 cells/mm3, while around 20% of them having CD4 counts >500
cells/mm3. The proportion of PLWH with CD4 counts �350 cells/mm3 decreased from 56.0%
in 2012–2013 to 50.5% in 2013–2014 and 49.3% in 2016–2017, while those with CD4 counts
>500 cells/mm3 increased from 19.6% in 2012–2013 to 23.6% in 2013–2014 and 27.9% in
2016–2017. (Table 1)
Data on viral load were available from 52.7% of the pooled sample (55.01% in sample 1,
54.47% in sample 2, and 37.67% in sample 3). Among those participants, 82.5% had viral suppression. Similar rates were observed in the three individual samples, although the rates in
sample 2 (85.8%) and sample 3 (82.7%) were both slightly higher than that in sample 1
(81.6%). (Table 1)

Factors associated with clinical outcomes
In terms of immunological outcome, PLWH who were female (p < .0001) and younger
(p<0.01) were more likely to have a higher CD4 count than their counterparts in all three samples. In sample 1, those PLWH who had no job or only part-time job had a lower CD4 count
(p<0.05), while this relationship was not significant in the other two samples. In addition,
PLWH who were diagnosed for a longer time (p<0.001), being on ART (p<0.001), being
virally suppressed (p = 0.01), and lower prevalence of comorbidity (p = 0.003) were having
higher CD4 counts in sample 1, while the latter two factors were not significant in the other
two samples. The participants who had been on ART for a longer time were more likely to
have a higher CD4 count (p<0.05) in all three samples. (Table 2)
With respect to virologic outcome, the study 3 participants who were of Han ethnicity had
a higher rate of viral suppression (p = 0.01); the study 1 participants who did not have a fulltime employment (e.g., had no job or part-time job) (p = 0.007) or had no stable partner (e.g.,
not married, not living with boyfriend or girlfriend) (p = 0.04) reported a lower level of viral
suppression. A longer duration of HIV diagnosis was associated with viral suppression in both
samples 1 and 3 (p<0.001). Being on ART (p<0.05) and receiving ART for a longer time
(p<0.001) were positively associated with viral suppression in all three samples. In addition,
fewer treatment interruptions (p = 0.0006) and more knowledge on ART (p = 0.0003) were
positively associated with viral suppression in the first sample. (Table 3)

Discussion
In our study, the ART coverage and rate of viral suppression (HIV RNA <50 copies/ml) were
both relatively high across different time points among PLWH who received care in Guangxi.
The rates are comparable with previous studies conducted in China [18, 26] and even higher
than some developed countries [33]. However, the treatment outcomes were still behind the
UNAIDS 90-90-90 targets [8]. The large proportion (around 50%) of lower CD4 counts (�350
cells/mm3) also suggested a room for improvement in immune recovery, because the decline
of CD4 count can lead to an increase of both opportunistic infections and mortality [34].
Expanding the HIV testing and improving early linkage to care could be helpful to get more
PLWH on treatment before their immunological functioning become deteriorated.
The increasing trend in ART coverage and CD4 count over time might be attributed to the
implementation of the updated treatment guidelines. It is worth noting that, different from
existing studies, our samples were collected from community-based clinics in mostly rural settings. Compared with those studies using the data from major health care facilities, such as
urban hospitals, our study showed similar clinical outcomes. This finding suggests that the
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Table 2. Associations between socio-demographic, treatment history and CD4 counts among three samples of PLWH in Guangxi.
Sample 1 (N = 2856)

Sample 2 (N = 763)

CD4 count (cells/mm3)

�350

350–500

>500

N (%)a

1599
(56.0)

697
(24.4)

560
(19.6)

Male

1081
(67.6)

392
(56.2)

305
(54.5)

Female

518
(32.4)

305
(43.8)

255
(45.5)

43.9
±12.9

41.4
±12.7

39.1
±11.5

Han

1111
(69.7)

490
(70.4)

392
(70.0)

Others

484
(30.3)

206
(29.6)

168
(30.0)

6.9 ±3.0

7.1 ±3.0

7.1 ±2.9

No job

452
(28.4)

167
(24.1)

144
(25.7)

Part-time

541
(34.0)

227
(32.8)

175
(31.3)

136
(35.7)

Full-time

599
(37.6)

299
(43.2)

241
(43.0)

175
(45.9)

P

�350

350–500

>500

385
(50.5)

198
(26.0)

Sample 3 (N = 434)
P

�350

350–
500

>500

P

180
(23.6)

214
(49.3)

99
(22.8)

121
(27.9)

96 (48.5) 82 (45.6) < .0001

163
(77.6)

61
(62.2)

69 (57.0) 0.0002

47 (22.4)

37
(37.8)

52 (43.0)

Socio-demographic
Gender

Age (mean±SD, years)

< .0001

256
(66.5)
129
(33.5)

102
(51.5)

98 (54.4)

< .0001

38.4
±5.4

37.5±5.8

36.9
±5.3

0.01

43.2
±8.0

39.6
±8.9

40.4±8.5 0.0005

0.93

248
(69.1)

130
(71.0)

118
(71.1)

0.85

118
(55.9)

62
(63.3)

79 (65.3)

93 (44.1)

36
(36.7)

42 (34.7)

Ethnicity

Education (mean±SD, years)

0.19

111
(30.9)

53 (29.0) 48 (28.9)

0.13

6.8±2.5

6.8±2.6

7.2 ±2.6

0.17

6.1 ±2.2

6.2 ±2.5

6.5±2.6

0.30

0.04

70 (18.4) 40 (20.4) 38 (21.2)

0.62

55 (25.8)

22
(22.2)

25 (20.7)

0.37

58 (29.6) 60 (33.5)

39 (18.3)

18
(18.2)

32 (26.5)

98 (50.0) 81 (45.3)

119
(55.9)

59
(59.6)

64 (52.9)

29 (13.6)

12
(12.2)

10 (8.3)

162
(76.1)

80
(81.6)

99 (81.8)

22 (10.3)

6 (6.1)

12 (9.9)

120
(56.1)

53
(54.1)

63 (52.1)

94 (43.9)

45
(45.9)

58 (47.9)

182
(96.3)

84
(96.7)

99 (97.1)

7 (3.7)

2 (2.3)

3 (2.9)

18.6
±9.6

22.2
±11.4

0.0016

Job

Marital status
Single/Separated

211
(13.5)

86 (12.7) 68 (12.4)

0.18

10 (2.6)

2 (1.0)

3 (1.7)

Married/Living with
boyfriend or girlfriend

1051
(67.2)

476
(70.0)

397
(72.5)

292
(75.8)

157
(79.3)

143
(79.9)

Divorced/Widowed

301
(19.3)

118
(17.4)

83 (15.2)

< 2000

1312
(83.0)

562
(81.3)

453
(81.2)

�2000

268
(17.0)

129
(18.7)

105
(18.8)

Sexual intercourse

1073
(81.8)

456
(79.2)

358
(77.0)

Transfusion/needling
sharing

239
(18.2)

120
(20.8)

107
(23.0)

40.2±28.3

46.3
±28.5

50.5
±30.9

< .0001

43.2
±29.9

HIV RNA <50 copies/ml

751
(79.6)

325
(82.3)

260
(87.3)

0.01

160
(82.0)

Any co-morbidity (Yes)

283
(17.7)

0.60

83 (21.7) 39 (19.7) 33 (18.4)

0.45

Household’s monthly income (CNY)
0.47

337
(87.5)

162
(81.8)

159
(88.3)

0.11

48 (12.5) 36 (18.2) 21 (11.7)

0.77

HIV transmission mode
0.06

257
(78.8)

138
(85.2)

127
(86.4)

0.07

69 (21.2) 24 (14.8) 20 (13.6)

0.82

HIV-related characteristics
Duration of HIV diagnosis (mean±SD,
months)

84 (12.1) 87 (15.5)

0.003

52.4
±30.4

55.5
±29.6

< .0001 17.8±9.7

89 (87.3) 82 (89.1)

0.22

63 (77.8)

33
(89.2)

43 (86.0)

0.24

95 (24.7) 40 (20.2) 30 (16.7)

0.08

35 (16.4)

13
(13.1)

11 (9.1)

0.17

Treatment history
Whether on ART
(Continued )
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Table 2. (Continued)
Sample 1 (N = 2856)
Yes

1262
(79.2)

473
(68.1)

356
(63.8)

No

331
(20.8)

222
(31.9)

202
(36.2)

39.9
±24.4

45.9
±28.1
9 (2.6)

Duration of HIV treatment (mean±SD, 33.4±21.7
months)
Treatment interruption (Yes)

53 (4.3)

11 (2.4)

Knowledge on HIV treatment (mean
±SD)

38.2±3.6

38.2±3.9 38.3±3.5

a

Sample 2 (N = 763)
< .0001

349
(90.7)

179
(90.9)

153
(85.0)

36 (9.4)

18 (9.1)

27 (15.0)

< .0001

32.8
±25.0

37.8
±25.3

46.2
±29.2

0.10

15 (4.5)

4 (2.3)

2 (1.4)

0.79

NA

NA

NA

Sample 3 (N = 434)
0.09

195
(92.0)

87
(89.7)

111
(93.3)

17 (8.0)

10
(10.3)

8 (6.7)

< .0001 17.3±9.6

17.9
±9.3

21.1
±10.6

NA

NA

NA

39.1±4.9

38.3
±4.1

39.6±4.9

0.14

0.63

0.01

0.13

The number of participants for some of the variables did not add up to the total sample size because of missing data

https://doi.org/10.1371/journal.pone.0213205.t002

HIV care can be delivered effectively in community settings, which was also supported by the
research conducted in other settings [35, 36].
Our study demonstrated that female and younger PLWH had higher CD4 counts than their
counterparts. This is consistent with the previous studies [37–40]. It suggests that women have
a more favorable immunological pattern than men. The older populations with HIV infection
tend to be in a worse stage at initial diagnosis and probably have a more aggressive clinical
course compared with younger HIV-infected populations. Future studies should examine
whether clinical management strategies should be different for men and older PLWH in
resource-limited settings.
The higher proportion of co-morbidity with other infections (e.g., Syphilis, Hepatitis) was
associated with lower CD4 counts. Previous studies showed that the co-infection of acute bacterial STI (e.g., Syphilis) resulted in increased HIV viremia and a decrease in CD4 counts [41,
42]. With the increase of CD4 counts, there was a decrease of the rate of ART initiation. This
finding might reflect the evolving eligibility criteria for ART in terms of CD4 threshold in different national treatment guidelines [12, 13] over time in China (i.e., �350 cells/mm3 till May
2014 and �500 cells/mm3 till June 2016). Therefore, free ART was historically prioritized to
those with lower CD4 counts, which resulted in a higher ART coverage among patients with
CD4 counts �350 cells/mm3.
Our findings demonstrated that ethnic minority, unemployment, and absence of stable
partners were associated with suboptimal viral suppression among different samples. Guangxi
is among one of the provinces that have multiple ethnic groups. Owning to sparse population
distribution and province-wide low socio-economic status, the PLWH in Guangxi generally
received lower levels of education and less likely to have stable jobs. Furthermore, the participants who were not married or didn’t have a boyfriend or girlfriend might have less social support for HIV treatment compared with PLWH with stable partners. All these characteristics
could affect the ART adherence [43] and therefore, compromise the viral suppression. This
finding is corroborated by a different research conducted in Guangxi [20].
Our data also suggested that many challenges exist to achieve viral suppression during the
course of treatment. For example, participants who had less knowledge of HIV treatment and
more treatment interruptions were less likely to be virally suppressed in sample 1. ART interruptions undermine the effectiveness of ART by prompting viral load rebound [44, 45],
thereby making it harder to achieve viral suppression. Treatment-related knowledge is an
essential prerequisite for ART adherence. Enhancing knowledge of HIV treatment and the
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Table 3. Associations between socio-demographic, treatment history and viral suppression among three samples of PLWH in Guangxi.
Sample 1 (N = 1643)
Viral load (copies/ml)
N (%)a

<50

�50

1341 (81.6)

302 (18.4)

Sample 2 (N = 415)
P

<50

�50

356 (85.8)

59 (14.2)

Sample 3 (N = 168)
P

<50

�50

139 (82.7)

29 (17.3)

93 (68.4)

20 (69.0)

43 (31.6)

9 (31.0)

P

Socio-demographic
Gender
Male

789 (58.8)

186 (61.6)

Female

552 (41.2)

116 (38.4)

42.0 ±12.1

43.4 ±13.0

Han

874 (65.3)

191 (63.3)

Others

465 (34.7)

111 (36.7)

7.1 ±3.0

6.9±3.1

0.17

No job

326 (24.4)

97 (32.3)

0.007

Part-time

467 (34.9)

83 (27.7)

Full-time

544 (40.7)

120 (40.0)

175 (49.6)

Age (mean±SD, years)

0.38

205 (57.6)

35 (59.3)

151 (42.4)

24 (40.7)

0.80

0.95

0.08

38.3±5.5

36.9±5.9

0.08

40.9±8.4

43.2±9.7

0.21

0.50

225 (67.4)

31 (55.4)

0.08

84 (60.9)

10 (35.7)

0.01

109 (32.6)

25 (44.6)

54 (39.1)

18 (64.3)

7.1 ±2.5

7.1 ±2.4

0.88

6.2 ±2.5

6.0 ±1.7

0.65

67 (19.0)

5 (8.5)

0.08

21 (15.1)

5 (17.2)

0.55

111 (31.4)

17 (28.8)

23 (16.6)

7 (24.1)

37 (62.7)

95 (68.4)

17 (58.6)

Ethnicity

Education (mean±SD, years)
Job

Marital status
Single/Separated

130 (9.9)

42 (14.4)

6 (1.7)

2 (3.4)

14 (10.1)

2 (6.9)

Married/Living with
boyfriend or girlfriend

944 (71.7)

191 (65.4)

0.04

277 (78.0)

42 (71.2)

0.43

113 (81.3)

22 (75.9)

Divorced/Widowed

242 (18.4)

59 (20.2)

72 (20.3)

15 (25.4)

12 (8.6)

5 (17.2)

< 2000

1117 (83.8)

244 (81.3)

306 (86.0)

52 (88.1)

�2000

216 (16.2)

56 (18.7)

50 (14.0)

7 (11.9)

Sexual intercourse

947 (83.6)

206 (83.1)

239 (82.4)

46 (90.2)

Transfusion/needling
sharing

186 (16.4)

42 (16.9)

51 (17.6)

5 (9.8)

Duration of HIV diagnosis (mean±SD, months)

50.7±27.9

39.3±27.4

< .0001

54.4±29.1

50.1±32.8

Any co-morbidity (Yes)

202 (15.1)

49 (16.2)

0.61

61 (17.1)

Yes

1309 (97.8)

265 (88.3)

< .0001

No

30 (2.2)

35 (11.7)

0.35

Household’s monthly income (CNY)
0.30

0.65

70 (50.4)

14 (48.3)

69 (49.6)

15 (51.7)

0.83

113 (96.6)

27 (93.1)

4 (3.4)

2 (6.9)

0.33

26.2±8.7

17.8±9.1

< .0001

11 (18.6)

0.78

14 (10.1)

3 (10.3)

0.96

348 (97.8)

53 (89.8)

0.0018

139 (100.0)

28 (96.6)

0.03

8 (2.2)

6 (10.2)

0 (0)

1 (3.4)

HIV transmission mode
0.84

0.17

0.40

HIV-related characteristics

Treatment history
Whether on ART

Duration of HIV treatment (mean±SD, months)

42.6±23.6

30.6±20.4

< .0001

42.3±23.2

35.3±24.2

0.04

25.7±7.8

17.7±8.7

Treatment interruption (Yes)

21 (1.6)

13 (5.0)

0.0006

8 (2.4)

1 (1.9)

0.82

NA

NA

Knowledge on HIV treatment (mean±SD)

38.5±3.7

37.6±4.0

0.0003

NA

NA

38.9±3.9

39.8±5.9

a

< .0001
0.44

The number of participants for some of the variables did not add up to the total sample size because of missing data.

https://doi.org/10.1371/journal.pone.0213205.t003

importance of optimal ART adherence are needed to achieve successful viral suppression
among PLWH on ART.
Our study has several limitations. First, the three samples might not be totally comparable.
While all three studies were conducted in similar community-based treatment settings (e.g.,
HIV clinics), the samples could be different because of some specific inclusion criteria in each
study. Second, there might be some overlap in samples between sample 1 and sample 2 due to
the similar settings and timing of the studies. However, such possibility was considered small
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because of the specific inclusion criteria (e.g., only parents living with seronegative children
aged 6–15 years in study 2). Third, our samples consisted of PLWH who were largely engaged
in HIV care or treatment. Therefore, the clinical outcomes reported in this study may not be
representative of other PLWH who were not retained in care or experienced interrupted care.
Fourth, all the participants were recruited in Guangxi, thus caution should be taken when generalizing our results to other regions, especially, given the fact that Guangxi has been the only
region in China that has witnessed a decrease in the number of newly diagnosed HIV cases in
the past six years [11]. Fifth, both CD4 counts and viral load were taken from patients’ medical
records, but no information was available in terms of the laboratory procedure or accuracy. In
addition, viral load data were only available from about half of the sample. Sixth, the nature of
cross-sectional data cannot establish causal relationships between clinical outcomes and various demographic treatment factors.
In summary, the increasing trends in ART coverage and CD4 count across the six years
reflected the positive impacts of the HIV treatment program, especially the new treatment
guidelines. However, suboptimal clinical outcomes continue to be a problem, particularly
among some subgroups of PLWH. Future studies should examine whether clinical management strategies should be tailored for PLWH with different sociodemographic characteristics
and treatment trajectories. Expanding the HIV testing and improving early linkage to care
could be helpful to get more PLWH on treatment before their immunological functioning
become deteriorated, which would also result in better treatment outcomes. Helping the
patients to gain more knowledge of ART, emphasizing the importance of optimal treatment
adherence and reducing treatment interruptions probably could benefit the viral suppression
for the patients. Future longitudinal studies may be needed to improve our understanding of
potential factors that affect the clinical outcomes among PLWH in Guangxi, China and other
resource-poor settings.

Acknowledgments
We would like to thank Joni Zwemer and Christopher Ryan Coutant for help editing this
manuscript.

Author Contributions
Conceptualization: Xueying Yang, Xiaoming Li, Shan Qiao.
Data curation: Xueying Yang, Quan Zhang, Zhiyong Shen.
Formal analysis: Xueying Yang.
Investigation: Zhiyong Shen.
Methodology: Xueying Yang, Quan Zhang.
Project administration: Shan Qiao.
Resources: Xiaoming Li, Yuejiao Zhou.
Writing – original draft: Xueying Yang.
Writing – review & editing: Xueying Yang, Xiaoming Li.

References
1.

Cohen MS, Chen YQ, McCauley M, Gamble T, Hosseinipour MC, Kumarasamy N, et al. Prevention of
HIV-1 infection with early antiretroviral therapy. N Engl J Med. 2011; 365(6):493–505. https://doi.org/10.
1056/NEJMoa1105243 PMID: 21767103

PLOS ONE | https://doi.org/10.1371/journal.pone.0213205 March 1, 2019

11 / 14

Clinical outcomes of PLWH in China

2.

Rodger A, Bruun T, Cambiano V, Vernazza P, Estrada V, Van Lunzen J et al. HIV transmission risk
throuth condomless sex if HIV+ partner on suppressive ART: PARTNER Study. 21st Conference on
Retroviruses and Opportunistic Infections, Boston, MA, USA, 3–6 March 2014 (oral late breaker
abstract 153LB) 2014.

3.

Strategies for Management of Antiretroviral Therapy Study G, Emery S, Neuhaus JA, Phillips AN, Babiker A, Cohen CJ, et al. Major clinical outcomes in antiretroviral therapy (ART)-naive participants and in
those not receiving ART at baseline in the SMART study. J Infect Dis. 2008; 197(8):1133–44. https://
doi.org/10.1086/586713 PMID: 18476292

4.

Kitahata MM, Gange SJ, Abraham AG, Merriman B, Saag MS, Justice AC, et al. Effect of early versus
deferred antiretroviral therapy for HIV on survival. N Engl J Med. 2009; 360(18):1815–26. https://doi.
org/10.1056/NEJMoa0807252 PMID: 19339714

5.

Sterne JA, May M, Costagliola D, de Wolf F, Phillips AN, Harris R, et al. Timing of initiation of antiretroviral therapy in AIDS-free HIV-1-infected patients: a collaborative analysis of 18 HIV cohort studies. Lancet (London, England). 2009; 373(9672):1352–63.

6.

Plettenberg A, Brockmeyer NH, Haastert B, Michalik C, Dupke S, Schewe K, et al. Impact of earlier
HAART initiation on the immune status and clinical course of treated patients on the basis of cohort data
of the German Competence Network for HIV/AIDS. Infection. 2011; 39(1):3–12. https://doi.org/10.
1007/s15010-010-0070-8 PMID: 21221704

7.

World Health Organization. Guideline on When to Start Antiretroviral Therapy and on Pre-exposure Prophylaxis for HIV. http://wwwwhoint/hiv/pub/guidelines/earlyrelease-arv/en/. 2015.

8.

World Health Organization. 90-90-90. An ambitious treatment target to help end the AIDS epidemic;2014. http://wwwunaidsorg/sites/default/files/media_asset/90-90-90_en_0pdf. 2014.

9.

Joint United Nations Programme on HIV/AIDS. 2018 Global AIDS Update slide (Part 1). Available at:
http://wwwunaidsorg/en/resources/documents/2018/2018-global-aids-update-slides-part1. 2018.

10.

Joint United Nations Programme on HIV/AIDS. 2018 Global AIDS Update slides (Part 3). Available at:
http://wwwunaidsorg/en/resources/documents/2018/2018-global-aids-update-slides-part3. 2018.

11.

Chinese Center for Disease Control and Prevention. Available at: http://www.chinacdc.cn/mtbd_8067/
201811/t20181128_197566.html. 2018.

12.

National Health and Family Planning Commission of China. Revised guideline on the use of free antiretroviral therapy for the people living with HIV/AIDS. http://wwwnhfpcgovcn/yzygj/s3593/201405/
95edf9ac8abb4e1a9f3482501b0ae4beshtml. 2014.

13.

National Health and Family Planning Commission of China. Notice on Adjustment of free Antiretroviral
Therapy Guideline for HIV Treatment. http://wwwnhfpcgovcn/yzygj/s3594/201606/
a4cde43ef1ed466c87821e8f9eb1766eshtml. 2016.

14.

Bentwich Z. CD4 measurements in patients with HIV: are they feasible for poor settings? PLoS Med.
2005; 2(7):e214. https://doi.org/10.1371/journal.pmed.0020214 PMID: 16008500

15.

Mellors JW, Munoz A, Giorgi JV, Margolick JB, Tassoni CJ, Gupta P, et al. Plasma viral load and CD4+
lymphocytes as prognostic markers of HIV-1 infection. Ann Intern Med. 1997; 126(12):946–54. PMID:
9182471

16.

Levi J, Raymond A, Pozniak A, Vernazza P, Kohler P, Hill A. Can the UNAIDS 90-90-90 target be
achieved? A systematic analysis of national HIV treatment cascades. BMJ Glob Health. 2016; 1(2):
e000010. https://doi.org/10.1136/bmjgh-2015-000010 PMID: 28588933

17.

Zhang F, Dou Z, Ma Y, Zhao Y, Liu Z, Bulterys M, et al. Five-year outcomes of the China National Free
Antiretroviral Treatment Program. Ann Intern Med. 2009; 151(4):241–51, W-52. PMID: 19687491

18.

Ruan Y, Xing H, Wang X, Tang H, Wang Z, Liu H, et al. Virologic outcomes of first-line HAART and
associated factors among Chinese patients with HIV in three sentinel antiretroviral treatment sites. Trop
Med Int Health. 2010; 15(11):1357–63. https://doi.org/10.1111/j.1365-3156.2010.02621.x PMID:
20868414

19.

Huang P, Tan J, Ma W, Zheng H, Lu Y, Wang N, et al. Outcomes of antiretroviral treatment in HIVinfected adults: a dynamic and observational cohort study in Shenzhen, China, 2003–2014. BMJ open.
2015; 5(5):e007508. https://doi.org/10.1136/bmjopen-2014-007508 PMID: 26002691

20.

Leng X, Liang S, Ma Y, Dong Y, Kan W, Goan D, et al. HIV virological failure and drug resistance
among injecting drug users receiving first-line ART in China. BMJ open. 2014; 4(10):e005886. https://
doi.org/10.1136/bmjopen-2014-005886 PMID: 25319999

21.

Wang J, He C, Hsi JH, Xu X, Liu Y, He J, et al. Virological outcomes and drug resistance in Chinese
patients after 12 months of 3TC-based first-line antiretroviral treatment, 2011–2012. PLoS One. 2014; 9
(2):e88305. https://doi.org/10.1371/journal.pone.0088305 PMID: 24516631

22.

Guangxi Center for Disease Control and Prevention. HIV/AIDS epidemic in Guangxi 2017. Nanning,
Guangxi CDC. 2018.

PLOS ONE | https://doi.org/10.1371/journal.pone.0213205 March 1, 2019

12 / 14

Clinical outcomes of PLWH in China

23.

Zhao T, Wei B, Long J, Tang X, Zhou M, Dang C. Cognitive disorders in HIV-infected and AIDS patients
in Guangxi, China. J Neurovirol. 2015; 21(1):32–42. https://doi.org/10.1007/s13365-014-0295-x PMID:
25361696

24.

Wang Y. Epidemiological characteristics of HIV/AIDS in Guangxi, 2009–2011. South China J Prev Med.
2013; 1(39).

25.

Li G, Liang S, Harrison TJ, Tang Z, Shen Z, Wang X, et al. Prevalence of transmitted HIV-1 drug resistance remains low in Guangxi, China, eight years after scale-up of highly-active antiretroviral therapy.
Intervirology. 2014; 57(5):270–6. https://doi.org/10.1159/000362366 PMID: 24994115

26.

Wang X, Yang L, Li H, Zuo L, Liang S, Liu W, et al. Factors associated with HIV virologic failure among
patients on HAART for one year at three sentinel surveillance sites in China. Curr HIV Res. 2011; 9
(2):103–11. PMID: 21361864

27.

Xiao Z, Li X, Qiao S, Zhou Y, Shen Z. Social support, depression, and quality of life among people living
with HIV in Guangxi, China. AIDS Care. 2017; 29(3):319–25. https://doi.org/10.1080/09540121.2016.
1224298 PMID: 27590180

28.

Qiao S, Li X, Zhou Y, Shen Z, Tang Z. AIDS impact special issue 2015: interpersonal factors associated
with HIV partner disclosure among HIV-infected people in China. AIDS Care. 2016; 28 Suppl 1:37–43.

29.

National Center for AIDS/STD Control and Prevention of China. National Guideline of free Antiretroviral
Therapy for HIV (Third Version). http://ncaidschinacdccn/. 2012.

30.

Wang X, Wu Z. Factors associated with adherence to antiretroviral therapy among HIV/AIDS patients in
rural China. AIDS. 2007; 21 Suppl 8:S149–55.

31.

Prentice T, Mill J, Archibald CP, Sommerfeldt S, Worthington C, Jackson R, et al. The pills identification
test: a tool to assess adherence to antiretroviral therapy. JAMA. 285(4):412. PMID: 11242424

32.

Nachega JB, Lehman DA, Hlatshwayo D, Mothopeng R, Chaisson RE, Karstaedt AS. HIV/AIDS and
antiretroviral treatment knowledge, attitudes, beliefs, and practices in HIV-infected adults in Soweto,
South Africa. JAIDS. 2005; 38(2):196–201. PMID: 15671805

33.

Turan B, Hatcher AM, Weiser SD, Johnson MO, Rice WS, Turan JM. Framing Mechanisms Linking
HIV-Related Stigma, Adherence to Treatment, and Health Outcomes. Am J Public Health. 2017; 107
(6):863–9. https://doi.org/10.2105/AJPH.2017.303744 PMID: 28426316

34.

Battistini Garcia SA, Guzman N. Acquired Immune Deficiency Syndrome (AIDS), CD4+ Count. StatPearls. Treasure Island (FL): StatPearls Publishing LLC.; 2018.

35.

Schranz AJ, Brady KA, Momplaisir F, Metlay JP, Stephens A, Yehia BR. Comparison of HIV outcomes
for patients linked at hospital versus community-based clinics. AIDS Patient Care STDS. 2015; 29
(3):117–25. https://doi.org/10.1089/apc.2014.0199 PMID: 25665013

36.

Chu C, Umanski G, Blank A, Grossberg R, Selwyn PA. HIV-infected patients and treatment outcomes:
an equivalence study of community-located, primary care-based HIV treatment vs. hospital-based specialty care in the Bronx, New York. AIDS Care. 2010; 22(12):1522–9. https://doi.org/10.1080/
09540121.2010.484456 PMID: 20824549

37.

Collazos J, Asensi V, Carton JA. Sex differences in the clinical, immunological and virological parameters of HIV-infected patients treated with HAART. AIDS. 2007; 21(7):835–43. https://doi.org/10.1097/
QAD.0b013e3280b0774a PMID: 17415038

38.

Kumarasamy N, Venkatesh KK, Cecelia AJ, Devaleenol B, Saghayam S, Yepthomi T, et al. Genderbased differences in treatment and outcome among HIV patients in South India. J. Womens Health
(2002). 2008; 17(9):1471–5.

39.

Carre N, Deveau C, Belanger F, Boufassa F, Persoz A, Jadand C, et al. Effect of age and exposure
group on the onset of AIDS in heterosexual and homosexual HIV-infected patients. SEROCO Study
Group. AIDS. 1994; 8(6):797–802. PMID: 8086139

40.

Rosenberg PS, Goedert JJ, Biggar RJ. Effect of age at seroconversion on the natural AIDS incubation
distribution. Multicenter Hemophilia Cohort Study and the International Registry of Seroconverters.
AIDS. 1994; 8(6):803–10. PMID: 8086140

41.

Anzala AO, Simonsen JN, Kimani J, Ball TB, Nagelkerke NJ, Rutherford J, et al. Acute sexually transmitted infections increase human immunodeficiency virus type 1 plasma viremia, increase plasma type
2 cytokines, and decrease CD4 cell counts. J Infect Dis. 2000; 182(2):459–66. https://doi.org/10.1086/
315733 PMID: 10915076

42.

Jarzebowski W, Caumes E, Dupin N, Farhi D, Lascaux AS, Piketty C, et al. Effect of early syphilis infection on plasma viral load and CD4 cell count in human immunodeficiency virus-infected men: results
from the FHDH-ANRS CO4 cohort. Arch Intern Med. 2012; 172(16):1237–43. https://doi.org/10.1001/
archinternmed.2012.2706 PMID: 22826097

PLOS ONE | https://doi.org/10.1371/journal.pone.0213205 March 1, 2019

13 / 14

Clinical outcomes of PLWH in China

43.

Muessig KE, McLaughlin MM, Nie JM, Cai W, Zheng H, Yang L, et al. Suboptimal antiretroviral therapy
adherence among HIV-infected adults in Guangzhou, China. AIDS Care. 2014; 26(8):988–95. https://
doi.org/10.1080/09540121.2014.897912 PMID: 24666239

44.

Lima VD, Bangsberg DR, Harrigan PR, Deeks SG, Yip B, Hogg RS, et al. Risk of viral failure declines
with duration of suppression on highly active antiretroviral therapy irrespective of adherence level.
JAIDS. 2010; 55(4):460–5. https://doi.org/10.1097/QAI.0b013e3181f2ac87 PMID: 20838225

45.

Wainberg MA, Zaharatos GJ, Brenner BG. Development of antiretroviral drug resistance. N Engl J Med.
2011; 365(7):637–46. https://doi.org/10.1056/NEJMra1004180 PMID: 21848464

PLOS ONE | https://doi.org/10.1371/journal.pone.0213205 March 1, 2019

14 / 14

